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TL;DR
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response is that it is as long as it needs to be to cover such a broad scope of material at an

appropriate depth.

However, below is a summary of the key points in the document:

1 There is no silver bullet for inefficient workbooks. Start by lookirtheiperformance
recorder to understand where the time is going. Laogning queries? Lots of queries? Slow
calculations? Complex rendering? Use this insight to focus your efforts in the right direction.

1 The recommendations in this document are just thagecommendations. While they
represent a level of best practice, you need to test if they will improve performance in your
specific case. Many of them can be dependent on structure of your data, and the data
source you are using (e.g. flat file vs. RDBBISlata extract).

9 Extracts are a quick and easy way to make most workbooks run faster.

9 The cleaner your data is and the better it matches the structure of your questions (i.e. the
less preparation and manipulation required), the faster your workbooKgwvil

1 The majority of slow dashboards are caused by poor desigmarticular, too many charts
on a single dashboard, or trying to show too much data at once. Keep it simple. Allow your
users to incrementally drill down to details, rather than tryingskmw everything then filter.

1 Work with the data you need and no mogéoth in terms of the fields you reference as well
as the granularity of the records you return. It allows Tableau to generate fewer, better,
faster queries and reduces the amount ota#hat needs to be moved from the data source
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and open faster.

1 While reducing the data, make sure you use filters efficiently.

9 Strings and dates are slow, numbearsd Booleans are fast.

Finally, some of the recommendations in this document only have a material impact if you are
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hurt to follow these recommendations in gibur workbooks as you never know when your data will

grow. Practice makes perfect.



Contents

ADOUL thiS AOCUMENL ...t e e e e e e e e s e e e e e s e nnnre e e e s 2
LI L PP PPPTRPRR 3
[ a1 g0 o (8o i o] o F OO EPP PP 6
LA E= TSR =T o] (Y= 10 I T To Yo IR (o) o 6
What is Tableau NOt OO fOF2........uuiiiiiiiiiiieiieceeee e 6
UNderstanding €ffICIEINCY........uueii ittt e e e e e e e e e e 8
2KFG A& Yy GSTIAQASYLL..82N1.0.220 Koo, 8
Why should you care about effiCIENCY 2. ......uuiiiiiiiiiiiiiieeeeeee e 8
I e U AT o] 41T R 9
TOOIS OF DB rAUE.......eeeeeee et e e e et e e e r e e e annre e e 11
PErfOrMANCE FECONUEN......cci ittt e e e e e e e e e e e e e e e nnnne s 11
10T 1 PP PP PP PPPPPPPPPPPP 13
Tableau Server performManCe VIEWS..........coooie i e e e e e e e e e e e 14
MONItOriNg aNd tESHING........ccooii i e e e e e e e e e e e e e e e e e e e e e e e e e e e s s e aaaaaaans 15
(@10 1=T 8 (o 0] TP PP PP PPPPPRPPPIN 15
IS it MY WOIrKDOOK GESIGNZ ...t e e e e e e e e e e r e e ns 18
G00d dashbDOArd AESIGN........uuiiiiiiiit e e e e aeens 18
Tweak your dashboard for performancCe...............oooo e 21
GOOd WOTKSNEEE AESIGNL......coiiiiiiieeeee e e e e e e e e e e e e e 26
1o = 11 =] =R PP 32
IS It MY CAICUIALIONST. ...ttt e e e e r e e e e e et r e e e e e e aae 42
(OF=1To1 01 F= 110 o TR 4 0= P PPPPPPPPPRPRRRRRRY” X
N 4 = 1110 a7
Calculations VS.alIVE FEAIUINES .........ceiii i e e e A7
IMPACT OF JALA LY PES ..ottt e e e e et e e e e e s bbb e e e e e e s saabeneeeeeeeaan a7
PerformanCe tECNNIGUES. .........uiiiiiie ittt e bbb r e e e e e anneeeed 48
IS I MY QUEBTIES 2. oottt et e et e e e e e e e e e e e e e aaeaaeeaeaaeaaaeans 53
AULOMALIC OPLIMISALIONS. ... ettt ettt e et e e e e e ettt e e e eeeeeeeeeeeeens 53
N o ][ PP PPPPPRRRPR 59
] =7 oo 11T PP PPTP TSP 60
(D= U= T 1 (=T | = LT o PR PUPUPUPRPRPRRRR 63
(G111 (0] 1 ) IS TP PPUUPPPTPPRPPPIN 64
Alternatives t0 CUSTOM SQL......iiiiiiiiieeeiee ettt e e e e e e e e e e e e e e aaaaaaaaaaaens 66
E L0 )V 1 PP 68

(1T L=l = L= T Y/ oL T 68



(D F Y= =Y 011 (0 <= 68

(D= ez o] (=T 0 T=T = 11 [ o H PP P PP PPPPPRPP PPN 76
Data EXITACE. ... 77
D F 1= W0 (Y] 1 g P g oy =SS 33
IS It the ENVIFONMENTZ.... e e e e s s e e e e e s neeeeas 85
(8o To | 7= 1o [ PP PP PPPPRPPRPPR 85
Test Tableau Desktop 0N the SEIVEL.........coo oo a e e e e e 85
Separate refreshes and interactive WOrkloads..............ccoccoiiiiiiiiiiiiiiiieeeeeee e 85
MONItOr aNd TUNE YOUI SEIVEL........ccci ittt e e e e e e e e e e eeeeeaaaaaaaaaaaaaaaaaeasaaassasaaasasnnnns 85
INFFASTIUCTUNE. ...ttt e e et e e e e s e e e e e s st r e e e e e e e e e s e e e aeeeas 86

(@0] a1e] 15170 ] o HA TR 88



Introduction

What is Tableau good for?

At Tableau, we seek to change how people view, interact with, and understand data. As a result, we
do not attenpt to deliver the same kind of experience as traditional enterprise Bl platforms. Tableau
is at its best when used to create workbooks that are:

9 Visualg there is a mountain of evidence that shows the most effective way for humans to
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behaviour is to present data using charts, diagrams and dashboards. Tables sstdliso
have their place (and are supported) and we will talk more on how to best use them later.

1 Interactive ¢ Tableau documents are designed for interactive delivery to users, either on
their desktops, over the web or on a mobile device. Unlike othéwdd$ that primarily
produce printfocused output (either to actual paper or to a document such as a PDF), the
focus is on creating rich, interactive experiences that allow users to explore data and be
guided through business questions.

9 lterative ¢ discovey is an inherently cyclical process. Tableau is designed to speed the cycle
from question to insight to question so that users can quickly develop a hypothesis, test it
with available data, revise that hypothesis, test it again, and so on.

9 Fastc historically the Bl process has been slow. Slow to install and configure software, slow
to make data available for analysis and slow to design and implement documents, reports,
dashboards, etc. Tableau allows users to install, connect and develop documentshaster
ever beforeg in many cases reducing the time to produce an answer from months or weeks
to hours or minutes.

1 Simplec traditional enterprise Bl tools are often beyond the capability of most business
users, either through cost or complexity. In manges users need the assistance of IT or a
power user to help create the queries and documents they want. Tableau provides an
intuitive interface for nortechnical users to query and analyse complex data without
needing them to become database or spreaddieerts.

1 Beautiful¢ they say beauty is in the eye of the beholder, but when it comes to visual
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Tableau guides noetechnical users to create effective, understabtiacharts based on the
data being used.

9 Ubiquitousc increasingly, users are no longer creating documents for a single delivery
platform. Users need to view and interact with data on their desktops, over the web, on
mobile devices, embedded in other amaltions and documents, and more. Tableau allows a
single document to be published and then used across all these platforms without any
porting or redesign.

What is Tableau not good for?
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Tableau can be coaxed to perform many tasks that were not in its original design specification. What

we mean is that thesare not the types of problems Tableau was developed to solve and therefore

if you pursue them the effort/reward ratio will likely be unfavourable and the resulting solution may

perform poorly or inflexibly.

We suggest you consider revisiting your requiegns or consider another approach if:



You need a document that has been designed for paper, not the screen. By this, we mean if
you have a need to control complex page layouts, need features such as page, section and
group headers/footers, or need preci8éY SIWYG formatting. Tableau can produce multi
page reports but they lack the level of format control that is available in dedicated, banded
style reporting tools.

You need a complex pustelivery mechanism for documents with personalisation (also
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report subscriptions which allows a user to subscribe themselves (arabiraulO, others)

to receive a report via email, however customers sometimes want a more flesahlgon.
Tableau can be used to create other forms of pdslivery system but this is not a native
feature of Tableau. It requires development of a custom solution built around the TABCMD
utility, or the introduction of 3' party solutions such agizAlets (http://tabsoft.co/1stldFh)

or Push Intelligence for Tablefnom Metric Insights|ittp://bit.ly/ITHACxu).

Theprimaryuse case for the reader is to export the dataanother format (often a CSV or
Excel file). This often means a tabular report with many rows of detailed data. To be clear,
Tableau does allow users to export data from a view or dashboard to E&eiteér at a

summary or detail level. However, wherethrimaryuse case is to export data it means this

is an ersatz extragransformload (ETL) process. There are much more efficient solutions
than a reporting tool to achieve this.

You need highly complex, crosststyle documents that perhaps mirror exigy spreadsheet
reports with complex sulbotalling, crossreferencing, etc. Common examples here are
financial reports such as P&L, balance sheet, etc. Additionally, there may be the need for
scenario modelling, whaf analysis and even writback of assmption data. If the
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rather than rolling up records to totals then it might be appropriate to continue using a
spreadsheet for this style of report.



http://tabsoft.co/1stldFh
http://bit.ly/1HACxul

Understandinggfficiency
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some more usefocused but in general an efficient workbook is:
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1 Simplegls it easy to create thevorkbook and will it be easy to maintain in the future? Does
it take advantage of the principles of visual analysis to clearly communicate the message of
the author and the data?

1 Flexible¢ Can the workbook answer multiple questions the users want toagkist one?

Does it engage the user in an interactive experience or is it simply a static report?

1 Fastc Does the workbook respond quickly enough for the users? This could mean time to
open, time to refresh or time to respond to interaction. This is gexttye measure but in
general we want a workbook to provide an initial display of information and to respond to
user interactions within seconds.

The performance of a dashboard is impacted by:

1 the visual design at both the dashboard and worksheet layelg. how many elements, how
many data points, use of filters and actions, etc.;

the calculationg e.g. what kind of calculation, where is the calculation performed, etc.;
the queriesg e.g. how much data is returned, is it custom SQL,;

the data connectioa and underlying data sources;

some differences between Tableau Desktop aableauServer;

1 other environmental factors such as hardware configuration and capacity.

= =4 =4 =4

Whyshouldyou care about efficiency?
You should care for several reasons:

1 working efficiely as an analyst or workbook author gets you to your answer faster;
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the questions and the data, rather than how to manipulate the tool to achieve an outcome;

1 creating a workbook with a flexible design reduces the need to create and maintain multiple
workbooks that address similar requirements;

9 creating a workbook with a simple design makes it easier for others to pick up your workbook
and make further iterationsn your work;

91 perceived responsiveness is an important success factor for end users when viewing reports
and dashboards, so making your workbooks run as quickly as possible makes for happier
users.

In our extensive experience, most performance problenad tustomers encounter are due to
mistakes in workbook design. If we can fix these mistgl@sbetter yet, through education prevent
them in the first place; then we can fix the problems.

If you are working with small data volumes, many of these recontations are not critical. You

can just bruteforce your way through the problem. However, when you are dealing with hundreds
of millions of records, many workbooks or multiple authors the effects of poor workbook design are
amplified and you must give methought to the guidance in this whitepaper.



Of course, practice makes perfect and following these guidelines for all workbooks is recommended.
Remember, your design is not complete until you have tested your workbook over the expected
production data vaimes.

One important note; throughout this document we refer to Tableau Server but in most places the
guidance is also appropriate for Tableau Online if you prefer to use our hosted solution over an on
premises deployment. The obvious exceptions are pantsveaking/tuning server configuration
parameters and on installing/updating software on the serverd¢igr the SaaS world these are

being looked after for you!

The laws of physics
Before we dive into the technical details of how various features affecperformance of
workbooks, there are some basic tenets that will help you author efficient dashboards and reports:

If it is slow in the data source, it will be slow in Tableau

If your Tableau workbook is based on a slow running query, then your wakkkidl also be slow. In

the following sections we will identify tuning tips for your databases to help improve the time it
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improve query performance.

If it is slow inTableawDesktop, it will (almost always) be slow @bleauServer
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Server. Often users have a perception that their workbook will run fast€ableau Server because

the server has more CPU/RAM/etc. than their local PC. In general, workbooks will perform slightly

slower on Tableau Server because:

9 there are multiple users all sharing the server resources to generate workbooks
simultaneously (although counterintuitively, you might find that your workbook responds
more quickly as you start to share it, due to the caching mechanisms within Tableau)Serv
and

1 the server has to do additional work to render the dashboards and charts rather than this
being done on the client workstation.

You should invest your initial efforts tuning your workbook in Tableau Desktop before you start
looking to tune the prformance in Tableau Server.
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the serverg e.g. your PC does not have enough RAM to support the data volume you are analysing,

or the server has a fastéower latency connection to the data source. Some users encounter slow
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RAM workstation, but find performance of the published workbook to be acceptably faatibe

the server has far more memory and processing power.

Newer is better

The development team at Tableau are constantly working to improve the performance and usability
of our software. Upgrading to the latest release of Tableau Desktop and Tableau &arve

sometimes vyield significant improvements in performance without requiring any changes to the
workbook. For example many customers reported 3x (and more) performance improvements in
their workbooks just by upgrading from V8 to V9 and performancedrgment continues to be a



focus ofTableawmn | YR 0S@82yR® h¥ O2dzNESZ (GKAa AayQd +y A
being upgraded to the latest versions as they are released.

This goes for maintenance releases as well as major/minor releasaesaM@et more information
about the Tableau release cycle and specific details for each release on the release notes page:

http://tabsoft.co/10y3LZT

Additionally, database vendors are working to improve theflemrigs. Make sure you are also using
the latest version of the appropriate data source driver as listed on the following web page:

http://tabsoft.co/1R]D4sy

Less is more

As with all things in life,toomuchof2 2 R G KAy3 OFly 06S 6FR® 52y Qi GNE
into a single, monolithic workbook. While a Tableau workbcakhave 50 dashboards, each with

20 chart objects, talking to 50 different data sources, it will almost certainly perform slowly.

If you find yourself with a workbook like this, consider breaking it into several separate files. This is

easy to dag you can simply copy dashboards between workbooks and Tableau will bring all the

associated worksheets and data sources. If your dashb@aedsverly complex, consider simplifying
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our software by the document so feel free to spread the data out a little.

Scalability is not the same as performanc

Scalability is about ensuring that we can support multiple users viewing shared workbooks.
Performance is about ensuring that an individual workbook runs as quickly as possible. While many
of the recommendations offered in this document will have a pesiinfluence on scalability for
workbooks published to Tableau Server, the principal focus of this document is about improving
performance.
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Tools of the trade

In order to understand the performance of your workbooks, you need to understand a) what is
happening and b) how long it is taking. This information is captured in multiple locations depending
on where you are running the workbook (i.e. in Tableau Desktop or Tableau Server) and at multiple
levels of detail. This section outlines the various amiavailable.

Performance recorder

The first place you should look for performance information is the Performance Recorder feature of
Tableau Desktop anBableauServer. In Tableau Desktop you enable this feature under the Help
menu:

idow | Help
Open Help F1
Get Support..

I:%ﬁ
Hl

Watch Training Videos
)flti Sample Weorkbooks 4

Sample Gallery

Choose Language 4

Settings and Performance 4 Reset Ignored Messages
Manage Product Keys... Clear Saved Server Sign-ins

About Tableau Disable Automatic Product Updates

~  Enable Accelerated Graphics

s o. o B » Manage External Service Connection..,
: - b s Set Dashboard Web View Security 4
9 . -
. o ] e v Start Performance Recording

Fire up Tableau anstart performance recording, then open your workbook (it's best practice to not
have other workbooks open while doing this so you are not inadvertently competing for resources).
Interact with it as if you were an end user and when you feel you have gatlesreugh data go

back in the help menu and stop recording. Another Tableau Desktop window will open at this point
with the data captured:
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File Data Worksheet Dashboard Story Map Format  Server  Window  Help
# ¢ @ 8 6- - b

Dashboa... Layout : “
ashboa et Performance Summary

£ Show Me

I
o1

Size Show Events taking at least (in seconds) 0.01 e}
< sser (1000 % 800) « N B
Desktop Browser (1000 x 800) Timeline
Workbook = Dashboard Worksheet Event
Sheets Superstore Null Uncompress Workbook | ~
[}, Timeline Connecting to Data Sou..
[0 Fvents Executing Query |
g Everts Overview SalesbyPro.. Executing Query |
[ Query 4 : J
v
3 1 1 1 1 14 s 5 1 3
Time (s)
. P _ ~ Event
Events Sorted L:r" Time B Uncompress Workbaok
Geocoding — o ecting to Data S..
Executing Query I 047 M Executing Query
Connecting to Data Sour.. 0.03 M Geocoding
Executing Query . 007 M Computing Layout
Computing Layout I 0 07
Executing Query I 005
Uncompress Workboaok I o0 v
Elapsed Time (s)
Query
Objects
00 Heriz.. E4 Image
B Vertical @ Web..
A Tet [ Blank
Show dashboard title
v
B Data Scurce M Performance Summary | Timeline | Events | Query [ B O}
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You can now identify the actions in the workbook that take the most tifioe example in the above
image the sele@d query from the Timeline worksheet takes 30.66 seconds to complete. Clicking on
the bar shows the text of the query being executed. As the output of the performance recorder is a
Tableau Workbook, you can also create additional views to explore thisnafion in other ways.

Note: by default, events that take < 0.1 secs are not shown. You can include these by
adjusting the filter at the top of the dashboard however your focus should be on the long
running tasks. Setting it to 1 sec is good practice.

It is also possible to create performance recordings on Tableau Server to help identify issues that
arise when the workbook is published. By default, performance recording is not enablebtaau
Serverg this is a feature that can be controlled on a y3#e basis.

A server administrator can enable performance recording site by site.
1. Navigate to the site for which you want to enable performance recording.

2. ClickSettings

44
wttt+ableau Serve Site: Default @

Users Schedules asks Status Settings

3. Under Workbook Performance Metrics, sel&®cord workbook performance metrics

4. ClickSave



When you want to create a performance recording:

1. Open the view for which you want to record performance. When you open a view, Tableau
Server appends ".iid+¥" after the URL. This is a session ID. For example:

http://  <tableau_server>  /#/views/Coffee_Sales2013/USSalesMarginsByAreaCode?:i
id=1

2. Type:record_performance=yes& at the end of the view URL, immediately before the
session ID. For example:

http://  <tableau_server>  /#/views/Coffee_Sales2013/USSalesMarginsByAreaCode?:r
ecord_performance=yes&:iid=1

3. Load the view.

A visual confirmation that performance recording has started isfbdormanceoption in the view
toolbar:

4+ —~
ot +ab | edu £ Site: Default &)

Content Users Groups Schedules Tasks Settings

Home » [ Geospatial » [2} Distance from Suburb » [] Distance from Suburb

- — =
[‘.1 Refresh [_I‘I Pause :E, Performance

When you are done and ready to view the performa recording:

1. ClickPerformanceto open a performance workbook. This is antaghe-minute snapshot
of performance data. You can continue taking additional snapshots as you continue working
with the view; the performance data is cumulative.

2. Move to a diferent page or removeaecord_performance=yes from the URL to stop
recording.

You should use this information to identify those sections of a workbook that are the best
candidates for reviewi.e. where can you get the best improvement for the time yoersf? More
information on interpreting these recordings can be found in the following link:

http://tabsoft.co/2mgxsPW

Logs
In Tableau you can find the full query text by looking in the log file. The default loégtio
C:\ Users \ <username> \ Documents \ My Tableau Repository \ Logs\ log.txt . This file is quite
verbose and is written as JSON encoded text, so a good text editor such as Notepad++ or Sublime is
NBO2YYSYRSR (2 6N y3f S dkSiNE (L-FANIRBZ VRS 2 00D QF F 2 NXA d B &
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time it took for the query to run and how many records were returned to Tableau:

{"ts""2015 - 05-

24T12:25:41.226","pid":6460," tid":"1674","sev":"info","req":" - " "sess"" -

","site":" - " "user"" -""k™" enddquery ",

"v":{"protocol":"4308fb0","cols":4,"query":"SELECT

[DimProductCategory].[ProductCategoryName] AS
[none:ProductCategoryName:nk], \n


http://tabsoft.co/2mqxsPW

[DimProductSubcategory].[ProductSubcateg oryName] AS
[none:ProductSubcategoryName:nk], \' n SUM(CAST(([FactSales].[ReturnQuantity])
as BIGINT)) AS [sum:ReturnQuantity:ok], \ n SUM([FactSales].[SalesAmount]) AS
[sum:SalesAmount:ok] \ NFROM [dbo].[FactSales] [FactSales] \'n INNER JOIN
[dbo].[DimProduct] [DimProduct] ON ([FactSales].[ProductKey] =
[DimProduct].[ProductKey]) \'n INNER JOIN [dbo].[DimProductSubcategory]
[DimProductSubcategory] ON ([DimProduct].[ProductSubcategoryKey] =
[DimProductSubcategory].[ProductSubcategoryKey]) \' n INNER JOIN
[dbo].[DimP  roductCategory] [DimProductCategory] ON
([DimProductSubcategory].[ProductCategoryKey] =

[DimProductCategory].[ProductCategoryKey]) \ nGROUP BY
[DimProductCategory].[ProductCategoryName], \n
[DimProductSubcategory].[ProductSubcategoryName]", "rows":32,"elapsed "0.951 }
}

If you are looking on Tableau Server, the logs ame\iRrogramData \ Tableau \ Tableau
Server \ data \ tabsvc \vizglserver  \Logs.

TableauServer performance views

Tableau Server comes with several views for administrators, to help monitor activiigieau
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Analysis

Dashboards that monitor Tableau Server activity.

Dashboard Analysis

Trafficto Sheets Usage and users for published sheets.

Trafficto Data Sources Usage and users for published data sources.

Actions by All Users Actions for all users.

Actions by Specific User Actions for a specific user, including items used.

Actions by Recent Users Recent actions by users, including last action time and idle time.
Background Tasks for Extracts Completed and pending extract task details.

Background Tasks for Mon Extracts Completed and pending background task details (non-extract).
Stats for Load Times Sheet load times and performance history.

Stats for Space Usage Space used by published workbooks and data sources, including extracts and live connections.
Server Disk Space Current and historical disk space usage, by server node.
Tableau Desktop License Usage Summary of usage for Tableau Deskiop licenses

Tableau Desktop License Expirations  Expiration infarmation for Tableau Desktop licenses

More information on these views can be found at the following link:

http://tabsoft.co/1R|CCL2

Additionally, customadministrative views can be created by connecting to the PostgreSQL database
that makes up part of the Tableau repository. Instructions can be found here:

http://tabsoft.co/1RJCACR
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Monitoring and testing

TabMon

TabMon, is an open source cluster monitor for Tableau Server that allows you to collect
performance statistics over time. TabMon is commusityppported, and we are releasing the full
source code under the MIT open source license.

TabMon records systemrehlth and application metrics out of the box. It collects builtmetrics like
Windows Perfmon, Java Health, and Java Mbean (JMX) counters on Tableau Server machines across
a network. You can use TabMon to monitor physical (CPU, RAM), network, artdidkandage. You

can track cachdit ratio, request latency, active sessions, and much more. It displays the data in a
clean, unified structure, making it easy to visualize the data in Tableau Desktop.

TabMon gives you full control over which metrics to atllEnd which machines to monitor, no

scripting or coding required. All you need to know is the machine and the metric name. TabMon can
run both remotely and independently of your cluster. You can monitor, aggregate, and analyze the
health of your cluster{sfrom any computer on your network with almost no added load to your
production machines.

You can find more information on TabMon here:

http://bit.ly/1ULFelf

TabJolt

¢l oWzt i -ahdNHky ¢d LHIZA YRG | yeBting i INFeifidainy dgs@iSed to work easily

with Tableau Server. Unlike traditional letesting tools, TabJolt can automatically drive load

against your Tableau Server without script development or maintenance. Because TabJolt is aware
2T ¢ presBritatef dodel, it can automatically load visualizations and interpret possible
interactions during test execution.

This allows you to just point TabJolt to one or more workbooks on your server and automatically
load and execute interactions on thebleau views. TabJolt also collects key metrics like average
response time, throughput, and 95th percentile response time, and captures Windows performance
metrics for correlation.

Of course, even with TabJolt, users should have sufficient knowledge & Fadt { S NI S NI &
architecture. Treating Tableau Server as a black box for load testing is not recommended, and will
fA1Ste @ASEtR NBadzZ Ga GKFEG FTNBYyQG Ay fAYyS gAGK @72
easily replicate the variety of humanmtéraction, so consider carefully if your Tabjolt results reflect

realworld outcomes.

You can find more information on TabJolt here:

http://bit.ly/1ULFtqi

Othertools

There are some otherBparty tools available that will help you identify the performance

OKIF NI OGSNREAGAOE 2F @2dzNJ 62NJ 0221aP hyS 2LIA2Y A3
includes a performance analyser (similar to the builperformance recorder) that allows ydo

drill in and understand what sheets and queries are taking the longest time:


http://bit.ly/1ULFelf
http://bit.ly/1ULFtgi

@ Workbook Tools for Tableau by InterWorks v1.7.4

x

[m]

Dashboard 1
[quenes | [Log]

Worksheets ® Daa @ Parution @ Visual Quick Filter
Sheet ‘ Time Breakdown ‘ Sheet Duration | |
1 Carriers 139445 | Dewmils |
3 Origin Map | 1975 | Dewmis |
2 Timeline ] 65725 | Desils
4 Destination Map ] 576s | Detils |
Events Threshold: 0ms
Sheet Event Duratien ‘ ‘

1 Carriers Data Query 13.903s [ viewQuery | |
1 Carriers Data Query 13.8065 | View Query |
3 Origin Map Data Query 8.8455 | View Query |
3 Origin Map Data Query 8.8345 | View Query |
® Live Sessio @
Back

Vi

dashboard.

ew all events for the selected sheetor (7
L

Palette Software also have a product called Palette Insight that captures performance information
from Tableau Server and allows you to do capacity planning, identify mesuensive users and
workbooks, do user access auditing and build chargeback models.
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3 Finance |\ | 1 —
j Human Resources | §7.474 /| '
£a ™ | $3,063 [ s4755 [SAEIE| S0 I
E = Operations ||| Nl |
1
g saies [SUSTHIERTT innou I
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s !h!‘_J ans Order Details =
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ans Order Detalls
3 Process ID  Tid Koy
2 =
A arsoments Report =
= & Engineering | §2.427 | 2522 I arss Order Details
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J Operations | §3420 [
0 A L: | o o Soles | $330 =
1AM 3AM Marketing R | yer 36672 8288 uniock-session oK 1K 2
50 $5,000 $10,0( CPU Secor«

Additionally, most modern DBMS platforms include admin tools that allow the tracing and analysis
of running queries. Your DBA can be a source of great assistance ferformance recordings

indicate query run time is a key factor.
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If you believe the interaction with the client browser and the server is an issue, you can also look at
tools like TelerilCA RRf SNJ 2NJ 82 dzNJ 6 N2 gaSNRAE RSOSE2LISNI G22¢ 4
between client and server.



Is it my workbook design?

Working in Tableau is a new experience for many users and there are design techniques and best
practices they need to learin order to create efficient workbooks. However, we find many new

users try to apply old design approaches with Tableau and get lacklustre results. This section aims to
address some the design principles that reflect best practice.

Good dashboard design

With Tableau, you are creating an interactive experience for your end users. The final result

delivered by Tableau Server is an interactive application that allows users to explore the data rather

than just viewing it. So to create an efficient Tableauhttasrd, you need to stop thinking as if you

were developing a static report.

| SNBQa |y SEFYLXES 2F | Rl &Ko 2| qvBecialy iflfeybiasS8e 4SS Y vy
previously worked in tools like Excel or Access, or if they come from a backgrousidg

GONIF RAGAZ2YIFE ¢ NBLRNIAYy3 (22fad 2SS adGk NI KSNB gAl
of filters that allow the user to refine the table until it shows the few records they are interested in:

A Bad Design
Continent Country State/Province Product Category Product Subcate.. Product Name SalesQty  Total Cost Sales Amou.. Continent
Asia Turkmenistan  Ahal Province  Cameras and cam.. Digital Cameras A Datum Advanced Digital Ca 64 5554752 §11,790.68 E :‘:]FE
Horth America  United States  Alaska Cameras and cam... Digital Cameras  A. Datum Advanced Digital Ca 62 5520080  $11,536.20 9] Mortn America
Horth America  Canada Alberta Cameras and cam... Digital Cameras A Datum Advanced Digital Ca 40 5346720 5754000
Europe France Alpes-Maritim.. Cameras and cam.. Digital Cameras A Datum Advanced Digital Ca. k1 $2 68708 $5,734.17
Asia Armenia Armenia Cameras and cam.. Digital Cameras A Datum Advanced Digital Ca 19 5156024 3,488 40 Country
Europe France Bas-Rhin Cameras and cam.. Digital Cameras  A. Datum Advanced Digital Ca 36 5303380  S6.710.60 E 2Eﬁ::|:
Europe Germany Bavaria Cameras and cam.. Digital Cameras A, Datum Advanced Digital Ca 60 5511412 $10,819.90 [ Bhutan
Asia China Beiing Cameras and cam.. Digial Cameras A, Datum Advanced Digital Ca 2276 519468328 542182530 [7) Ganada
Europe Germany Berlin Cameras and cam.. Digial Cameras A, Datum Advanced Digital Ca 1193 510202236  5220,330.11 e
Europe Suitzefand  Bem Cameras and cam... Digital Cameras  A. Datum Advanced Digital Ca 38 5320716 5693680 Cli‘]ww“
North America Canada British Colum.. Cameras and cam.. Digital Cameras A Datum Advanced Digital Ca. 107 $9,27476 $20,07525 li] Albany
Europe Romania Bucuresti Cameras and cam.. Digital Cameras A Datum Advanced Digital Ca. 10 $866.80 $1,885.00 [1] Alexandria
Europe Greece Cenfral Greec.. Cameras and cam.. Digital Cameras A Datum Advanced Digital Ca. 18 $1,560.24 $3,317.60 [#] Amsterdam
Asia Japan Chubu Cameras and cam.. Digital Cameras  A. Datum Advanced Digital Ca 13 51040.16  52,337.40 'pr;j{;uc‘ Category
Asia Kyrgyzstan  Chuy Province Cameras and cam.. Digtal Cameras A, Datum Advanced Digital Ca 66  55547.52  $12.280.78 [2) Audio
North America  United States  Colorado Cameras and cam... Digial Cameras A, Datum Advanced Digital Ca 699 55963584 5130,093.28 [#] cameras and camcorders
North America  United Stales ~ Connectict  Cameras and cam.. Digtal Cameras A, Datum Advanced Digital Ca 293 52505052  §54,533.05 [ Cell phones
Asia Syria Damascus  Cameras and cam. Digital Cameras A Datum Advanced Digital Ca 104 seg2s04  s193i1gy| | [ Computers
Europe United Kingdo.. England Cameras and cam.. Digital Cameras A Datum Advanced Digital Ca. 478 $40,912 96 $88,702 45 Product Subcategory
Horth America United States  Florida Cameras and cam.. Digital Cameras A Datum Advanced Digital Ca. 423 $35,885 52 §78,74588 [#] air Condifioners
Europe Germany Hesse Cameras and cam.. Digital Cameras A Dalum Advanced Digital Ca 26 52,253 68 54,674 80 [] Biuetocth Headphanes
Asia Japan Hokkaido Cameras and cam.. Digial Cameras A, Dalum Advanced Digital Ca 2 519069  s4093 | | [ Boved Games
Asia China HongKong  Cameras and cam.. Digital Cameras  A. Datum Advanced Digital Ca 1M1 5944812 S2057478 M Camearders
Asia Pakistan Islamabad Ca.. Cameras and cam.. Digital Cameras A, Datum Advanced Digital Ca 63 5528748 1172470 | Product Name
Asia Japan Kansai Cameras and cam.. Digial Cameras A, Datum Advanced Digital Ca 19 51022824 522,158.18 [4] A Datum Advanced Digit.
Asia Japan Kanto Cameras and cam.. Digial Cameras A Datum Advanced Digital Ca 176 51525568 53264820 [] A Datum Advanced Digit
Asia Thailand Krung Thep Cameras and cam.. Digital Cameras A Datum Advanced Digital Ca. 89 $7,541.16 $16,522.03 [i] . Datum Advanced D\g?t
Europe Ireland Leinster Cameras and cam.._Diaital Cameras A Datum Advanced Diaital Ca a1 s2 8708 ssAzaEs !i! - Datum Advances Digh

CKAA Ada y20 | GIAP22aRETEOAaCSAdQBI ¥FRa2FNBI22RE RI &F
glorified data extract process because the user wants to take the data to another tool like Excel for
FANIKSN) Fylrfeaira FyR OKFNIAYy3Id ! G o0Saidugeti AYyRAO!
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Now consider the following rewkingcA G Q& SEF Oidftée GKS aly$S RIGFo 28§
of aggregation:

A Good Design

Continent
Europe NN

Selecting one or more of the elements shows the next level of detail:



Continent
MNorth America

Asia [N 2 700.203,986.15

Europe

A Good Design

Country
crina
Japan [l
Australia [
India [
Iran ||
Turkmenistan ||
syria |
Pakistan |

We keep doing this, each time revealing more detail:

Until we finally reveal the ultimate \&l ¢ the same data that was shown in the crosstab dashboard

above.

Continent
Morth America

Asia [N 2 700.203,986.15

Europe

Product Category
Home Appliances
computers [N 59 655.013 49
Cameras and camcorders
TV and Video
Cell phones
Audio
Music, Movies and Audio Bo..

Games and Toys

A Good Design

Gouniry
China

Japan [l s236 424.498.11
Australia
India
Iran
Turkmenistan
syria
Pakistan

Product Subcategory Desc.

Projectors & Screens
Laptops [N 5933.130,593.78

Deskiops

Printers, Scanners & Fax

Monitors

Computers Accessories

City
Tokyo
Osaka

vokohama [N 536436 543.24
Sapporo
Nagoya
Kyoto

Product Name
Adventure Works Laptop19W..
Adventure Works Laptop19W..
Fabrikam Laptop19W M3500 ..
Fabrikam Laptop19 M3000 ..
Adventure Works Laptop19W..
Adventure Works Laptop1aW..
Wi Laptop1ow x0196 Black |

VW1 Laptop19W X0196 White

WIWI Laptop19W X0196 Blue

Continent
North America

Asia -sz‘mu,zns 986.15

Europe

Product Category
Home Appliances
Computers - $9,655,013.49
Cameras and camcorders
TV and Video
Cell phones
Audio
Music, Movies and Audio Bo..

Games and Toys

A Good Design

Country
China

Japan .5235‘424 498.11
Australia
India
Iran
Turkmenistan
syria
Pakistan

Product Subcategory Desc
Projectors & Screens
Laptops _ 5933,130,593.78
Desktops
Printers, Scanners & Fax
Monitors

Computers Accessories

city
Tokyo
Osaka

vokohama | 535 +26 5432+
Sapporo
Nagoya
Kyoto

Product Name
Adventure Works Laptop19W..
Adventure Works Laptop19W..
Fabrikam Laptop19W M8800 ..
Fabrikam Laptop19 M8000 Bl..
Adventure Works Laptop19w..
Adventure Works Laptop19W..
WWI Laptop19W X0196 Black
WWI Laptop19W X0196 White

WWI Laptop1SW X0196 Blue

Product Name Manufacturer Brand Style Colour Sales Qty Unit Price Sales Amount
Adventure Works Laptop19W.. Adventure Works Adventure Works Product0301031 White 105 $12,990.00 $132,952.65
Adventure Works Laptop19W.. Adventure Works Adventure Works Product0301043 Red a7 $11,691.00 $110,155.20
Adventure Works Laptop19W.. Adventure Works Adventure Works Product0301037 Sitver 84 510,392 00 510710255
WWI Laptop13W X0196 Black Wide World Importers  Wide World Importers ~ Product0301053  Black 66 59,093.00 $85,019.55
Fabrikam Laptop19 M8000 Bl.. Fabrikam, Inc Fabrikam Product0301006  Black 72 57,693.00 $77,754.25
Fabrikam Laptop19W M9800 .. Fabrikam, Inc Fabrikam Product0301001  Black 64 57,194.00 $76,316.35
Adventure Works Laptop19W.. Adventure Works Adventure Works Product0301049 Blue 32 $3,897.00 $41,588.00
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about the experience of using this dashboard. Notice how it flows in a natatial left to right, top
to bottom. There can be a lot of data underlying this example but the dashboard guides the end user

to drill down gradually to find the focused set of detail records they seek.

The key difference to the two examples provided abigutow they guide the end user through the
analytic process. The first example starts wide (showing all the possible records you could look at)
and then makes the end user reduce the number of records displayed by applying filters. There are
inherent probems with this technique:



1 The initial query that must be run before anything is shown to the end user is essentially the
biggest queryyoucanagki 3A @S YS I £ NBOvdadNRaisetdis is gofigitb | y & NJ
take a substantial time to execute aadi NBI' Y ol O1 G2 GKS ¢l o6fSldz Sy
experience is critical for setting an eddd SN & LISNOSLIiA2y 2F G(KS &az2fd
than a few seconds before anything happens the perception will be a negative one.

1 Creating a view withumdreds of thousands to millions of marks (each cell in a crosstab is
called a mark) requires a lot of CPU and memory. It also takes;tadding to the negative
perception of system responsiveness. On Tableau Server, having many people all generating
large crosstabs can result in slow performance, and in a worst case scenario the system could
run out of memory. This can cause server stability issues, errors and all kinds of unpleasant
experiences for end users. Of course you could add more memory t@therso minimise
this but this is treating the symptom, not the cause.

1 Finally, the users have no contextual guidance on whether their initial set of filters will be too
wide or too narrow. How is a report user to know that if they check all availabégcees
their initial query will return tens of thousands of records and exhaust all available RAM on
0KS ASNIBSNK ¢KSe& OFlyQiszx 20KSNJ GKIyYy GKNRddAK LI

Contrast this with the second approach where our initial query shows the highest level of
aggregation only:

1 The initial query that must be run is highly aggregated and consequently returns only a
handful of records. Forawel S&A 3y SR RI (Gl o asS GKAa Aa | @GSNE
O2y il OGé¢ NBaLlRyaS iAY 8vepeicepips dfidhe sydtedn iAS wefd@IF RA y 3
down, each subsequent query is both aggregated and constrained by the selections from the
higher level. They continue to be fast to execute and return to the Tableau engine.

1 Although we have more views when thestidoard is fully completed, each view only shows
a few dozen marks. The resources necessary to generate each of these views, even when
many end users are active on the system, are trivial and it is now much less likely that the
system will run out of memar.

f CAylLftes &2dz Oy &4SS GKFG F2N) GKS KAIKSNI ayl ¢
show the volume of sales in each category. This gives the user some context on whether this
aSt SOGA2y O2yidlAya YIye NBO2 Nd&tathephitabiiyof 2 S Q@S
each category. Now this becomes extremely relevant as you will be able to see which specific
areas require attention, rather than just navigating blindly.

Keep it simple

A common mistake for new users is they create dashborélsk G | NB 2@SNI & aO2YLX S
are trying to recreate a document they had previously used from another tool, or perhaps they are

trying to create something that is specifically designed to be a printed report. The end result is a

workbook that peforms slowly and inefficiently.

The following points are contributors to complexity:

Too many worksheets per dashboard
A common mistake new users make is to try and put lots and lots of charts/worksheets on a single
dashboard.



Tableau - Busy Dashbeard

File Dats Worksheet Dashboard Story Analysis Map Format  Server Window Help
@ e = & 8- [y - [ - a2 -
Dashboa... Layout .
Sales by City Sales by Segment
$150,000
)J
Size "-&"‘ .
Desktop Browser (1000 x 800) = % o o g FUR
y
-
Sheets ‘ - k- $50,000
.

[itd, Sales by City
[it], Sales by Category

Sales by Category

Sales

[it], Sales by Segment
[it}, Sales Forecast
[#, Top 10Products .
[}, Top 10 Cusstomers Product Qutliers

[, Yo¥ Growth ®
[, Product Outliers
[, Profit Matrix $5,000

B J >

@ OpenStreetMap contributors

Profit Matrix
Ship Mode
Monthof Or.. First

Top 10 Products

Month of Order Date

Month of Order Date

Order Date

Class SsmeDsy SecondCl. Standsrd

January

Top 10 Cusstomers

Customer Mame

= Show Me

O Data Source

Sales by City | Sales by Category | Sales by Segment

£150,000 si6652
$15,653
15.063
Objects = $100,000 z_v,cs_
= 14,564
00 Horiz.. 4 Image “w $14.525
S Vertical & Web .. $50,000 $13,672
A Text O elank $13,514
0 $13,220

Tiled Floating 5 _— -
Show dashboard title Wontn of Order Date $12,266

Sales Forecast | Top 10 Preducts | Top 10 Cusstomers

Praduct Name

YoY Growth | Product Outliers | Profit Matrix | B Dashbe [, | B O}
M4 M [ ]

& AlanEldridge ¥

Be aware that each worksheis going to run one (and probably more) queries against the data
sources, so the more sheets the longer it is going to take to render the dashboard. Take advantage
of the fact that Tableau is designed to deliver interactive dashboards to end usepsead the

data out across multiple dashboards/pages.

Too many filter cards
Filter cards are a very powerful feature of Tableau that allow us to create rich, interactive
dashboards for end users. However, each filter can require a query in order to enentieeat
options so adding too many to your dashboard can unexpectedly cause the dashboard to take a long

GAYS G2

NB Yy RS NI
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the shown values each time other filters are changddde this feature sparingly.

Also, if you have your filters applied to multiple worksheets, be aware that each change will trigger
multiple queries as all the affected worksheets that are visible will update-yigible worksheets
are not run). If thisakes seconds to complete it can give a poor user experience. If you expect users

to make several changes to a muitiS f S O
user can trigger the update when they are done changing their selections.

Tweak yourdashboardor performance

FAfGSN) GelL)Ss O2yaAARSNI aK26

Once we have ensured our dashboard is as simple as can be, we can tweak our design to take

advantage of caching for further performance improvement.



Fixedsize dashboards

One of the easiest things we can do to improve perfance is to check that your dashboard is a
fixed size.

- [m] X
@ e =2 & 8- [ - o [ - g - 8l - o7 £ ShowMe
Dashboa... Layout .
Sales by City Sales by Category
$150,000
']
> e 2%
Size 75 w8
Desktop Browser (1000 x 800) = % o a :
; - @ 5 = f . |
Fixed size - ‘:_. . - J ‘».-‘ ! \ |
Desktop Browser (1000 x ... ¥ . " - ¥ |
Width Height ' ) so Lols b A v 50
00px . 800px . , 2012 2014 2011 2012 2013 2014 2015
© OpenStrestiap contributors . Menth of Order Date Month of Order Date
[, Top 10 Products . . .
[}, Top 10 Cusstomers Product Outliers Profit Matrix YoY Growth
[, Yo¥ Growth ® Ship Mode OrderDate
m Product Qutliers MonthofOr_. First Class Same D nd Cl.. Standard
[, Profit Matrix $5,000
5
=
<
B
Sales Forecast Top 10 Products Top 10 Cusstomers
$150,000 $16,654
$15,653
Objects = $100,000 $15,063
= $14,564
00 Horiz... A Image “w $14,325
S Vertical & Web .. $50,000 $13,672
A Tet O slank 13,514
. . g0 $13,220
Floating 2012 2014 2016 $13,020
Show dashboard title Month of Order Date Sales & Bar $12,266
B Data Source Sales by City | Sales by Categery | Sales by Segment | Sales Ferecast | Top 10 Products | Top 10 Cusstomers | Yof Growth | Product Outliers | Profit Matrix | 0 Dashbe B | B} O3
& AlanEldridge ¥ WA b "]

Part of the rendering process in Tableau is creating a laybotv many rows/columns to display for
small multiples and crosstabs; the number and interval of axis ticks/grid lines to draw; riieenu

and location of mark labels to be shown; etc. This is determined by the size of the window in which
the dashboard will be displayed.

If we have multiple requests for the same dashboard but from windows of different sizes, we would
need to generate gayout for each request. By setting the dashboard layout to a fixed size we ensure
that we only need to create a single layout that can be reused across all requests. Foisgkrver
rendering this is even more important as fixed size dashboards meanmadszacache and share

the bitmaps that are rendered on the server, improving both performance and scalability.

Device specific dashboards
In Tableau 10 we are introducing a new feature called device specific dashboards. This capability

allows you to crea custom dashboard layouts that are automatically selected based on the device
being used.

We select the layout to use based on screen size:

f <=500px on smallest axjphone
! <= 800px on smallest axjtablet
1 > 800px; desktop
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Given that different devicewill have different screen sizes within those ranges and because devices
can rotate, you will generally want to set phone/tablet layouts to argsize. This will give the best
viewing experience across the devices, however it will impact cache reusetffeopresentation

model cache and the image tile cache for sesside rendering). In general, the benefit of sizing
properly for the device will outweigh the impact on caching but it is something to consider. Note
that once users start to use the workblogou will eventually populate the models and bitmaps for
most common screen sizes and performance will improve.

Using the viz level of detail to reduce queries

Although best practice is generally to only use the fields you need for each worksbeettiimes

we can improve performance by pulling more information on one worksheet to avoid queries on
another. Consider the following dashboard:

Sales

Countries s0
$200,000
$400,000

Unite $600,000
4 . LI ) Slatg $800,000
o = $925,236

o

. ©

‘e

([
Cities

city
Manila

Sydney
Jakarta

sangror

Brisbane

Melbourne

Gold Coast

perr

Adelaide

Newcastle

Surabava

$0  $10,000 $20,000 $30,000 $40,000 $50,000 $60,000 $70,000 $80,000 $90,000 $100,000 $110,000 $120,000

Sales

Building this as one would expect, the execution plan will result in two queoes for each
worksheet:

Performance Summary

This workbook shows the main events while recording performance. Search Help for details on how to interpret the workbook and improve performance of Tableau.

Show Events taking at least (in seconds): 0.0 J 2.
Timeline
Workbook & Dashboard Workshe.. Event
Book1 Dashboard 1 Countries Executing Query ]
Cities Executing Query I

807 208 209 810 211 812 813 814 815
Time (s)

SELECT [Superstore APAC].[City] AS [City],

SUM([Superstore APAC].[Sales]) AS [sum:Sales:ok]
FROM [dbo].[Superstore APAC] [Superstore APAC]
GROUP BY [Superstore APAC].[City]

SELECT [Superstore APAC].[Country] AS [Country],

SUM([Superstore APAC].[Sales]) AS [sum:Sales:ok]
FROM [dbo].[Superstore APAC] [Superstore APAC]
GROUP BY [Superstore APAC].[Country]



If we make a change to our dashboard design and add Country to the Cities worksheet (on the Detail

shelf), Tableau can complete the dashboard with jusingle query. Tableau is smart enough to run

the query for the Cities worksheet first and then use the query results cache to provide the data for

0KS [/ 2dzyGNAS&a 62N] aKSSid ¢KA&a FSFddzNB Aa OFffSR
Performance Summary

This workbook shows the main events while recording performance. Search Help for details on how to interpret the workbook and improve performance of Tableau.

Show Events taking at least (in seconds): 0.10 J
Timeline
Workbook & Dashboard Workshe.. Event
Book1 Dashboard 1 Cities Executing Query I
126.5 127.0 127.5 128.0 128.5 129.0 129.5
Time (s)
SELECT [Superstore APAC].[City] AS [City 1s

[Superstore APAC].[Country] AS [Country],

SUM([Superstore APAC].[Sales]) AS [sum:Sales:ok]
FROM [dbo].[Superstore APAC] [Superstore APAC]
GROUP BY [Superstore APAC].[City],

[Superstore APAC].[Country]

/ £t SIENIe (KA&a OFryQild o06S R2yS Ay |ttt OFrasSa Fa I RRAY
could result in more marks being displayed. However, when you have a hierarchical relationship in

your data like the above example, thisisauseéBudtKy A lj dzS Fa Ad 62y Qd | FF¥FSOi
detail.

Using the viz level of detail to optimise actions

We can use a similar approach with actions to reduce the number of queries we need to run.
Consider the same dashboard from above (prior to optintggf but now we add a filter action
from the Countries worksheet to the Cities worksheet.

~
Edit Filter Action Lﬁ
Name: Filter cities E]
Source Sheets:
EH Dashboard 1 ~ Runaction on:
[[] cities [+ Hover
Countries
*[3 Select
Lﬁ[} Menu
[] Run on single select only

Target Sheets
EH Dashboard 1 ~ Clearing the selection will:

) Leave the filter
Cities -
@
[] Countries @) Show all values

() Exdude all values

Target Filters
() Selected Fields @ All Fields
Source Field Target Field Target Data Source
Add Filter... Edit... Remove




When we trigger this action by clicking on a mark on the map, we see that Tableau needs to run a
guery to determine the values in the Cities worksheet. This ialmthere is no data in the query

result cache on the citgountry relationship.

SELECT [Superstore APAC].[City] AS [City],

SUM([Superstore APAC].[Sales]) AS [sum:Sales:ok]
FROM [dbo].[Superstore APAC] [Superstore APAC]
WHERE ([Superstore APAC].[Count ry] ="'Australia’)
GROUP BY [Superstore APAC].[City]

If we add Country to the Cities worksheet, we now have sufficient information in the query result
cache that we can do these filters without needing to go back to the data source.

We can similarly optinse in situations where the source worksheet is more detailed than the target.
LT 6S 6SNB G2 GF1S GUKS RSTlrdA G I OGA2y RSTAYAUAZY

This causes the workbook to run a query for each action because the filter clause references Country
FYR / AGe 6KAOK OFyQil 06S &ASNIBSR FTNRBY (GKS 1jdzSNE NEX
































































































































































































